Some local characteristics of the refractive index which are needed for the research of microwave propagation are described in a general way.
The refractive indices on the surface and at 900 mb level are calculated with the use of the aerological sounding data.
The vertical gradient of the refractive index is obtained by the use of these values.
The local values of the refractive index decrease towards north.
The maximum values are located on about 30 degree zone of north latitude.
On the open sea and at the end of the peninsulas, the vertical gradients of the refractive index have comparatively large values.
In the cold season, the gradient values on inland is larger than ones of the coastal stations, and in the warm season, the abovementioned situation is the opposite.
With the exception of Is. Hokkaido, the values of effective earth which is used in the theory of radio wave propagation are larger than the value got by the assumption of the standard atmosphere.
Introduction
The propagation of the microwaves or U. H. F. (ultra-high-frequencies) in the atmosphere depends upon the variation and fluctuation of the meteorological elements in the troposphere.
The investigations of the meteorological effects upon radiowaves are carried on in Japan and many other countries, and the results of the theoretical considerations and experimental tests on the radiowave propagations are published in many telecommunicational journals.
The propagation tests of microwaves over land and sea in Japan have been carried out by the Meteorological Research Institute, the Japan Meteorological Agency, the Radio Research Institute, the Electrical Communications Laboratory, the Japanese National Railways, the Technical Research Laboratory of N.H.K. (Japan Broadcasting Corporation) and other research laboratories which take interest in the exploitation of the microwave communications.
In order to estimate the received power levels of the microwaves, the vertical sounding data at the meteorological stations situated between the transmitting and the receiving point, are analyzed roughly, and examined imperfectly.
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In the early part of the 1950's, in the Kanto District of Japan, the above-mentioned research systems made common studies to investigate the relation between the characters of microwave propagations and the meteorological phenomena in the troposphere. At that time, the observations by means of aeroplanes and helicopters were not available, and so the vertical distributions of meteorological elements in the lower atmosphere were determined by the sounding data by radiosondes and kytoons.
In order to obtain the continuous records of meteorological variation, the radio tower at Kawaguchi in Saitama Prefecture was used.
The results of investigation by this tower were published by the author (1953a and 1953b) .
In the summary report by F. J. KLINOV (1960) of the investigation on the vertical distribution of meteorological elements by means of towers, the results of the author's observations are discussed.
The local distributions of radiometeorological elements are explained fully in the work of K. TAO (1957) , which are estimated from the aerological data between 1951 and 1953.
Before the opening of the 3rd I.G.Y. in 1957, the net of aerological stations in Japan was extended.
New methods are introduced and the hair used in the improved radiosonde is rolled.
Accordingly, the results of the investigation in which the aerological and meteorological data in 1958 within the period of I.G.Y. are examined radiometeorologically, will be worth comparing with the consequences of Tao's investigation.
The vertical gradient of the refractive index in the lower atmosphere
In treating of the toropospheric propagation of microwaves meteorologically, the variation and fluctuation of the refractive index in the medium, that is, the dielectric constant of the air mass are used as the object of investigation.
In this work, the refractive indices at the sounding points are estimated by means of the well-known formula :
where ii denotes the refractive index for the electromagnetic waves, T the absolute temperature, that is, 273°+t (t is air temperature), p the atmospheric pressure at the sounding level, e the vapor pressure in the medium.
The pressures are measured in mb.
The refractive index of air in the results of many tests at present is selected and taken in the following form in physics and meteorology :
This formula is shown in the works on radio wave propagation by Ia. L. AL 'PERT, GINZBERG and Ie. L. FEINBERG (1953) and others.
As the second term in the parenthesis of the right-hand side in equation (2), that is -e17, is small in comparison with the other terms, we usually neglect this term. Therefore, this formula becomes equation (1).
The formula used in the work of K. TAO (1957) is different in the coefficients. The refractive index is represented in the form of the following formula :
The difference 4 between formulas (3) and (1) becomes In the lower layers of the atmosphere, the values of each term in the right-hand side of formula (4) are not more than O. 5. And so, the refractive index values of air estimated by means of formula (3) are larger at the most by one M-unit than the values by formula (1).
The monthly values of N on the surface at the aerological stations in 1958 are estimated by using formula (1), and the results are shown in Table 1 . The monthly values at 900 mb-level obtained in the same way are shown in Table 2 .
The vertical gradients of the refractive index in the lower atmosphere which are estimated by means of (1) and (3), are equal with each other within our permitted limit of accuracy.
We assume that the vertical gradient of the refractive index is equal to the value obtained by dividing the difference between the values on the surface and at 900 mb-level by the altitude of this isobaric surface.
The results calculated by means of this method are shown in Table 3 . As is shown by the yearly values in Table 3 , the south of our country has large values.
Only Kadena in Okinawa is an exception to our general consideration. The elements of the radiosonde used there are different from the ones used in Japan.
If the accuracy of the radiosonde at Kadena has the same order as ours in the lower atmosphere, the region that surrounds the Island of Naze is the zone of the largest vertical gradient of the refractive index and the interesting radiometeorological phenomena known by the name of duct are observed.
The vertical values on islands (Hachijo, Torishima) and peninsulas (Shionomisaki, Wajima) are comparatively large. The inland area like Tateno which is situated on the open field (the plains of Kano), has larger vertical values than the coast in winter and smaller ones in summer.
This radiometeorological regimen is regarded as the characteristic of inland plains.
The abnormal value of the vertical gradient of the refractive index in July at Nemuro may be made clear by a detailed radiometeorological analysis.
The region around Nemuro in Is. Hokkaido has the negative anomaly of atmospheric pressure in July and is covered with dense clouds, so the radiometeorological conditions on the surface in this area presents little variation up to the 900 mb-level.
The vertical gradient of the refractive index in Japan generally belongs to a super-normal type which obtains values between 39 and 157 M-unit/km.
The distributional charts of the refractive index and its vertical gradient in Japan will be given in the next issue of this journal.
The effective radius of the earth
In the theory of microwave propagation, the effective radius of the earth rather than the actual earth radius is mainly treated.
The effective radius of the earth is defined as follows where R*, Ro are the effective and the actual radius of the earth, respectively, no is the surface values of the refractive index, and dnidz is the vertical gradient of the refractive index.
Puting that R*.mRo, equation (5) is transformed into a form which enables us to estimate the factor m, that is :
Using the values in Table 3 and estimating the formula (7), we obtain the result shown in Table 4 .
As shown in Table 4 , the ratio m in Is. Hokkaido is close upon the value 1.33 which is estimated from the vertical gradient of the refractive index in the standard atmosphere.
In the other regions of Japan m is larger than the standard value 1.33, except in winter.
The values of ratio m at stations of Naze and Torishima are about 1.5, which is the maximum in our country.
According to the work of K. TAO (1958) , the value of ratio m at the Ocean weather station called Tango, which is situated at 24°17'N and 153°58'E, shows nearly the above-mentioned maximum value.
Within the zonal region including Naze, Tango and Torishima which are situated at about 30 degrees of the north latitude, some radiometeorological factors are very active, and many apparatuses which utilize the propagation of microwaves in the troposphere in this area may suffer from unusual phenomena.
If the cross section of the refractive index on the Pacific Ocean is obtained by aerological expeditions on aeroplanes and ships, it may be possible to determine the extent of this abnormal zone.
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The abnormal value at the station of Nemuro in summer might be explained by means of aerological sounding data in the lower atmosphere on the Kurile Islands and the Sea of Okhotsk, which we cannot obtain.
Conclusion
From the distributions of the refractive index, its vertical gradient in the lower atmosphere in Japan, we may roughly state the following ;
(1) The vertical gradient of the refractive index in the lower atmosphere in Japan takes values between 32 and 72 M-unit/km.
(2) The extremes of the radiometeorological factors exist on the Island of Hokkaido and the zone parallel to the latitude of 30 degrees. HexoTopme paiwomeTeopwrormecture OCO6eHHOCTH B 51nom-m rpy5o 01114CaHbI. 1-10Ka3aTeJa) npetrionneHHH, ripxmeHmoulml K Boripocam 0 pacnpocirpallemm y..711)TpaKOpOTIGIX Balla HJIH MITIWOB0,71H BO Tpolloccf)epe noinytieH ripx HOMOLItH 30H)111p0BaHHbIX maTepHaxoB Ha ceTH 51110HCKHX avanoripiecKxx craHxxii.
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